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(54) OPTICAL COMMUNICATION SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 40 Gbit/s 
optical communication system for transmitting signals at 
80 km relay interval in a single-mode fiber having 0.5 
dB/km loss. 

SOLUTION: Data are subjected to NRZ-I coding, are 
bandlimited, and then are modulated by a phase 
modulator. The data are converted to light intensity 
modulation signals at a reception end by a light 
interferometer. The transmission of fixed envelope 
signals is strong against a nonlinear phenomenon. 
Additionally, due to bandlimiting to be performed in a 
light transmitter, a waveform inputted into a light 
receiving element in light receiving equipment becomes a 
wideband pulsive shape, thus improving an S/N ratio 
after reception. - 
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(54) [3gej<Oi&ffc] Itmit i/X'TA. 



(57) [IS**)] 

[S£JS1 S^0..5dB/kro<D->V^7we— h^r-f'^S: 
80km^^PflllT*fc'gjtT-t-540Gbit/sW3tiamv'^7 i A 




•5 }t ii ft S' * r- -fc. T* tb o T N 

5#«»JI»*aS:3firU, 10 

4> (»mtti&<om±m. I <f>max|riSjrRY/2a>t>3;iR 
¥/4 (rad/s) (fcfcTU Rf4 fc'y h U- h (bit/s), ¥ 

*©«fcffi*SI*(rad)) ifc* «fc 5 lUflfljcfWR** 

T 20 
[tl] 

f'* D *dt*Jl (1) 

v'ir >• h £tL5 - t ^4#mt-r^ft*JllXf±ti*^i2 
141/R J: <9 /J-^ < . {i*S^H* V f4 * 4 9 *:# t^r i £ 

t -r ^ is 3 ie«6 w ftam ~> * -7- a „ 

[0 0 0 1 ] 

[0002] 

I4\ iSfil&fc/c "9 WSi^igt*-^ h u- M440Gbit/sT* 
3b5 0 40Gbit/sv-;*-rAl4, £-fi»&^<£>4 p^eiUBS 

[0 0 0 3] f^±»t?lii-X?JcaK:SF^<07T'f ^*ie 
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*Sg8ie^<7>S*^g t * o fcl . 55 n L 
TtRffero^iE^Mv,, 1. 3Atin^ic:aig-fk$jxfc7 7 -f 
o T t , ^gWi^l. 55 M tn^T- t>ffi^<E>4>&l, > 
#tt^#P>tt5Ji^ 1. 55Aim^ffl(cSiS'fb$tLfc7T'(' 

14 - A K ft& T- £ s A $ \z & tb 5 fc X> , 1 togS r.* 

[0004] r© < t?4ta^oi±^77-i'^ti. 

55Mra*&e>i£*£H22H-3*g\ *©sp*&ai*M0. 5dB/k 
uSS t ft Z> o 1 . 55 n raffl icSkjg-ft; £ *xfc 7 T ^ SrSSfc 
.SdSfS ^^IV«t«fflt5i^©m 2dB/kmi: it 

[0 0 0 5] 

ramittf tt»©iaflini]iHfcft# u a*40kB*fctt80km 

7C-T-5. : B£oT' : t :l *iP^Pii4"6lBg^Pfit)80kniy±/45a^ L 

[0 0 0 6] L^L/«e^5>, 40Gbit/sT-(4^^J[£^^fc 

test's/ hu— K t |^#«Ojf-§-«-$i ; g 1 Jt(S/N) 
5 it tb \z (4 i "9 «v n ^.«g§*m*^ !7 - i: * 
HSV^iNISifflrjIfi^C — Sr«i«-rsfc*!)»cf4, *7x-f 

[0 0 0 7] 3fc7T'fV<'M£>A73'<!7 — < ^-f |c 
c fiNi^*W3t^!7-U'-<^^|t^-rS75&t IT, 
«»^*77'( , /<t#>'7')tSraALT7^»l 

[0 0 0 8] rix^T-0. 5dB/kratV^fcit5*^W9t7T 
-T^t?, ^-^VJIMiSrffiffl^-f {c80km«f«nBIH<oeiS«: 
fT5 r fc{4H«-C*>ofc. 

[0009] *^b^i4, z.<o£ot£m&<Dmm&.izti&&. 

Xte£tltzh<VX\ 40Gbit/s€rM^:0. 5dB/km03 7r^^ 

[0010] 

[gtS^»ft-T5fc«>w^|g] :©i9^i«t 
%tim%.m&k s Hffl57t{iti^PSlcA79i--5«^{f-i- 



3 

©*fe*Hi£©S;Mi6 Umax|^7rR¥/2^b3n;R¥/4 (ra 
d/s) (fcfc'L^ Rtt-tT v h-V— Mbit/sh ¥f4firf8^ 

us : <afi^sBSsa^3twf-i? • h » • tr— ^wffita 

^*(rad)) £fc3J:5fc»*IHI««:16U SMBTt* 

f'* D 4>dt*x (i) 

[0011] rci^fMiatnl *aHt»a>&© 

eofi -§-X*fc5„ ii^wftiijtx-fflv^ibiJxSNRZ, RZ<7){f-?§- 
£itt&1-5i:, <r>%'<*7— T-fcott, It's/ hrt 

©e-^A^-iimTfioT^s. -t«>tt*, * 20 

[0013] SfefC, t«atfff«lli)Ht5fc6, fits 

o t it ta l r #mwmsi iz «t 5 * ©lig 

[0 0 14] *3gBJ!X-i4, 
^^-^H^Srffl^S. v-^.';!^-^ 40 
14. a^O^ffcocf'T-tA*^- bttiitltf— 

[0 0 15] $.tz, #»9!-C»4, mtefk?lt*&-&'<7> 
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>S 1 0> Jtiift ~> * A £ ffi^f 5 o 
[0 0 16] rWi^iKCimi 3tT$if1-<£> 2 o 

^-yuy V^FgM*T-f4 2 ocofctl^ifc-So v V^Mi^ 

[0 0 17] ^7^1i/i'- ^l4l^tB^*Jt[^±e?fc 

5teA*»©*¥*«rRtW-.5. BSKttfflEtt 
■f^X 5 v x m u- >~ '<fi £- ii >9 ft tt -5 ^ Ic ft o x , 

[0 0 18] L^L.f£iih, *m%l<r>&W<nW$LX' 
^^T-fcO. A^3)fed»Pj-?rwa3?MSr5I^SStL«:SE^f& 

^¥£7tTi^tfOiiMBfP B lDtcJ:oXtt, 7tT#ti-c75- 

fcs. if*,c>©»&t, 3Sje«*(oiB«tt«f u < . use 

-?r^L< UXt,^7>-^f4(6j±L/iV\ 
[0 0 19] co^BJX*(±. /<7^Il/->-^ 

>-^5ro(t^V^-g-l4, ^(DlHlSSwiEgJtATJ'O-f— 
^v^tc:«tc.Xi£JfE®BE^^U, ^yv^iv^ 

5S®J±(w^CX^it)bX 5o ^7^il/->-^«5 
2otf)7t h^^— K«fcb^>-5ilig»lcS[oX^L 

[0020] *j8wm tatseaiBS^SMxfc 

•3, «HE3l««FlHlD«:l/Ri9/hS< % fitte^HS ¥14 tc 
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[002 lj z.<Dmm<DMf$.\c}oi,^x, JtmiB&tytg: 
$««fc:W***Hfa*«Ai-S# % t- 

[0022] try h l— 

< i^VMfV^lOOMbit/s-efc-5,, *gI<£>«ESc 
ir#t*4:/i5. WttrtW 2 o^SK^gft Lt* 

5„ t* h I — h &m?tltSDti g -f t /h $ < * 5 <OT-4 
OGbi t/sffcftfi = t — u V cOj^^f±/J^ £ V \ ( t 5 
A/, 40Gbit/sT*t. = t — Ul/*&T$m\Zt£Z>\5.i£%ifami 

Ttefl^SSgTSr*: it)^<f5i:j:v>„ ) fgaooilbi 20 
£r*g?n-*-$fc«>D3ritf5/ MJ#|!B«fc 9/h$ <i-5„ *(3 

H*¥^±#<i-5 0 *«-CI43taHt«rt-Cflf«»JISS: 
a*#(l)^£rJKJ£L-Ci/>.5RB?Hi, &^*sei*38£ 
[0023] ;©i5i:t5rtiaot, 

[0 0 2 4] 

$>•£>„ 3tMlt, fjfrfl^Dlgs 2 £ , NRZ-Ixya- 

£iIoT:ft§:{i§§8(c:£<b;h,5 0 #S«»8tt, 3tT# 
f+, 0Ux.li-ry/N- 9 tSftiH^l 0 

A: A -5,, 40 

[0025] %MifrbGLftmm\zmvit='K—i'>x 

'<6Jcai2j;3Fit5. 3feiiHt«7-CM\ 

Tis»teNRz«^-(NRz-ift-§-)(cw-§-<t;$H'5o nmtzti 
fcNRz-Ht fi-i-ifti&fflm^muz x o rmmmwi £ n/c 

[0 0 2 6] ffiffi^sS£gtffcftli3t7T-f'<6£tf-l, 
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>y—=F&$te\z x o rNR2-iw-»ofifcffijewi«-§-*]B 

[0 0 2 7] rcoi 5 fcfllJ&K iti.fi, 5t7r-C^<6Sr 

-ixvy zmmttez m ^&<d ± *> ± # 

t, ^3t^C— ^L<Tfclf y H*9<E>fc°— ^X<7 — 

[0 0 2 8] ^oT, 3taiftli7*^3t7 T'f^Bt^ A^3 
$ ft 5 1SB $ ti Z> 7— * # - T V 7 ( HI ^-fr-f ) 

^ -gitSS^^Icff A$tb-5 c t I MT>7(ia^1i-f)(Ota 
^•7 — < r £ tf*!m-?3b 9 . 0. 5dB/kmt V> 

[0 0 2 9] NRZ-Ioiv=i — ^{^ioTJim^NRZ-I 
^JS^5^bA^J$tL5^fg-§--Cfo»3, r.tLTJSNRZ-I^v- 

3 - ?z\z. x o x m 2 (b) jc^-r x b timi-m^wSk 

$fL-5„ CWNRZ-Ht-§-(i<5:1 : S^^2lrT&^^P$ 
titzWX. H2(c)id^i-J; 5^^tj N vyAyiyiC 
- ; F*tf9^gi§L/'cmii, l2(d)|OTfJ;5«l 

[0 0 3 0] NRZ-I^V3 — ^3 (i^JxliH!3lc^i-J: 5 
(clg^^nSo A/jl2*»bA*L.fcll5MS#tt, ^fbntt 
Sfp(EXOR)lHl8Sl5lCj:o-Ci#cotii^C91h--y hilMt 
Wfib^S^Srl&^jx-So Z<Ol$Mi>> s tiit)13X?)tii?}& 

tiz>„ ztitemfticmm-tz^T •y^x-h'o , H2(b).cD 

NRZ-im-f-(iJS'fg#*Mi:^5S^i > o^Kte-r5ft-§-i: 
[0 0 3 1] ^«$IJPI^4<± > H2(b)fc*i-NRZ-I(t 

PS^te-To JSW-^WtTy hW— hS:R (bit/ 

• tr— ^«Xfcffi3EBI*SrT (rad)t Lfci:#, 

ax|^7cR¥/275^3 7tR¥/4 (rad/s) t ^5 «t ? ti^Flgt 

[0 0 3 2] lll4SrfflV^TwW^«$iJpgOEi**ISi^i- 
5, El4(i{fi:t@^P^cotU^Jt(75{4tg^{t:^^L/cll|T- 

fc^o ft oro|g{t;i-^ ct&ta^^ftLtv^. 

fWSglitf-? • • f— ^T-V (rad)T*#>-5„ P 
B#fiZ+S^{t;4 * fiS4WjS^C0m^lST*fo 5 , *maxl*^t 

[0 0 3 3] | 0maxUi|gl4<Z>^^cDS:*>±^l9 
ft*>Ttf s 9 (Z)»5jr ^^rifijao t o i: t,#.il$' , <cgB^'<Z>ffl# 
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teio-tawciMKu Jias*i3aSEbT(s*iigs^® 

fiia^-tH")t£ffl2EPS2te^j!jnLT\ )tjSl*»P>wjtlc 
fiSfSS'lt. I *max|^7cR¥/2i 

^ibftl/^l^tt^iti^fca, S*L<*V\ UmaxliS 

UTttu Umax|<D*^ffl?r3^R7/4i:-r^r b\z.£ 9 10 

LTS/N5-|p)± $ * 5 r t & ^im t ft 5„ 
[0 0 3 4] ^ftJPg^IStfte. &KltettffitfXlH§ffl 
K5 -Y /<T ^(BAMM" ) ©mravvf *x#»te# A £*ifc 

[0 0 3 5] 3tSftSS8rt05-^s/^ • y^^- ^1+9 
<0^fi5cli#Jx.fflS5cD<fc ?T-fc5 0 A^)16A^A^l^ix 20 
fc3tdS^fe§521-C2^55-$H. — *-(*SSSl 17 s 
SBS218Sriii@LTig-&lfi522t?^-g-$ti,5. SSSltSSS 
2tt#»ftjftsSfc 0, 3tl§ftSSte*Bi3-*-*»ffiii*IHttD 

rop^{4ffi^{t;» 0 *5 J; l*ffift©B#£iJtte*f LT 
[3£3] 

f'* D <pdt*,t (1) 

SrSSfc-f-i 5»-K«-$nTV5. *fc, 

titfjT-fcSfca, mtrfttf— jjOmi&tp'bfc&KmZk 

[0 0 3 6] r ©i ? [CMS v • y x y 

m Lfcft i s SS§1 &3gil Lfcl^raDfc*ttjg;h,-C # fc3fc;6> 
Ti^i-^ 0 if<0aflt0>=F##58£-*-5*»tt, WISDOM 

©ffitaatf bfite i o t -r s o m*. «: bsibwj m (C n 

(180° )OGdS^fc#Sfe5ftibtf, tb^ii, 2COi**>e 5 ^> 40 

fft5. «*.tfV=»t, D=lfy h^ntt-St, HMO 
«t 5 <C»JK-C«:l«**)tn?tt:^< igii LTi^ft^ofcftas 
^MtZVn^M^ bt£«) ^f^Jt3T'ttf?t/SiS Lft < ft 
5 0 r<o±5teLT#i=>;h,fc-^s/^ • yxy^- Tgw 

s,, *fc, y ^>y—Tm&r<DWifttem-fr\z.m 

^-Tfcfca, mi-i^zi-tr^£ r >x ; mft£fotiWLte 
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[0 0 3 7] 7x >y—T&nmi§l&<Z>T'(/< 

? — ^(D«3JSrlH6lc^-r o J; 5 icfetB^-ffc^fcSSP 

ft 5, r<Dfca, rtlb^iS-g-LThT-r^^ — >tft 

Dteft#U D#S<fcSli^-t0>*±/h$<ftoT, 3fE 
^✓Vi^tfJ&Jfgteafi^t , ^yu^*icDiR^{b^prtgt ft 

So 

[0 0 3 8] ®(CD(0±|5g(il tfy h^-CfcSo NRZ-I 

^fca-cfc^o 
[0039] ft&^SrSftSmo-cs&fi -f-te 

mgiTZo it-i-ii^^^tttftorv^fca. *aiflr« 

JttfcLT*-;^ h/Hi««ltV\ S:{lLfc{f4§-£g$SiJ3Ste 
A^-t-^fflte, *Sbftflr-l9-1lf«Ut^©aJ^Sr7-f/u^te 

ir^ffitftSc ^ ii<0^<<DW^*m^X'^ 
t, KS'JSSJcA^ii-Sft-^ros/NdSr^Jii-s. t£ot\ 

[0040] *fc % i£ffs ®iS5i**a<t -efiB^StS* 

^M^^ir'cOiy^^AT-^A^ttrv^. 

BI««E*-W2iHii^^«S<ft5J:pte, 
3t7-</w^(fc5v^«, &«#fiftSg#ftif)te±o 
■C, i85.«ftaft*flf*«#t-Srlft*i-5. -fiti^PUfc^t 
-^•^3167 w /u^ J; oTSiJPSi-5 t> 3t7^ >v$ copm-A 
M^mf^fflteio-C, 5W««)«»««?B4t5. i«ia!L 
fc i 5 te3££<75« bfl±*7 7-f \C*Sy**± 

tfUBtftsfca, Mtfaciififc^tt/hSv^tdsa* u 

[0 0 4 1 ] CO*t»ffiWi*Tlj:, ^Pffi -^tem^. 
Sf^«SiJpg«rAWtTV^fca, fetg^IW^Wpt^^^ 

b/H4flF*WlfiSr*»»t ft^o fc»& fc ttlSf UT/h $ V\ 
•?rCDfca, *7 -r yu^ Srii Lfc t # tegij ^tb5#l-&7l^jN 

y /? '> ft V ^ ft# ft e£ ^ 5 pr« t ft ^ c 

[0 0 4 2] ^y/N • 5/xVy- ^fhCO^-L^*^ 
t «»-ffc LT^ft ^ i A#ft»f^*S» btuft 
v^fca, JtTIPH-^f'CfjSftoftOftiSrJieSlffS^rt-CfT 

W«teaffl**L-CVN5AC»J«ij!fei:IIfflBI*«>«i]»T?^riSg 
"Cfc 0 % H7te«l»SrS% Lfc J; ^ ft«ja-ew»t?# 5. 

as23*»p>tH^$tL5(s^Stfs#teJ:oT^gg-*-5. 
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y * a^26£t^ i,xm&$s27icxi&ffimt-%-klmn u 

[0 0 4 3] Jii£<Z>£iJT*l±, lt=F&nb LTv • y 

[0 0 4 4] Sfc, ftHCiTtTi^f+l'^T^'y • ^d-^F 10 

n — T#if WjSfifc^JT-fc 9 , 31 ^ a >-&28\C?tt& At* fc* 
— A29£>£ 5{-AW-r5„ V«<£>pSHl«a,btc:<4 

co«fc 5t-SnbT-SttU at)(±]®i§5t30coj:5«-Sii-r 

>«<Diaaroa^^DT*fo§ 4 9l-^H-LT*31tl^ S 20 
co^r^y • ^n-^fftea,b<DSW*%+#ii5< 

[0 0 4 5] &*5 % *McO«fiJcT'«. Ti^trte^-f Lt> 

45dA^a5{C b— *yW5t^46Sr^e Lt^f n y-f >-§ 
iU S^^-lOT-m^ft^td^LT^Pj, T#H\ 
■*-*t>%«*»#9J«47Sraa:«b-Ct>PI««>a**Sr#2» 
iti5WlfS)5. «**#»J«47©«fifcra:fl|*.tfBi7 

[0 0 4 6] A*16£*:/!J s/*48T*2#ll£U SMBf 40 
IWSD*5-;i&;rLfcSBliftl&2«:iiiaLfcft, »tt^ 
t£49Ti£-g-U a^)50j; OaS^^tL^o w*U4ft»-e<D 

[0 0 4 7] «««#»J«ta*ttW(§-§-SrAIII(Al 
ternate Mark Inversion)?? Lfc t.O i 

[0 04 8] &.\z*m&w<Dm2v>nM]&i&<DVtmt * 

5SB:9-£l2]9SrfiH^-rt&gJli-5 0 vyA.ys^-f 50 
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hro-a-ff<7>W^/^!7-7!iS(igpja^Sr|^^T)A^^r7 

[0 0 4 9] ffl:ffi3CJi4:T*H-©)lJgii*IW)©H«iS(i) 

14010(a) <b)<© J: 5 tefcS. ffil-x iSflr«rt-C#«ftll8 
#afciS#*WJI8*rfft>ite»tixtf, 010(a) (b)ld*i^ 

[0050] ms^mk^wttvmmmDnmmtHi)^ 

<o*i£^t&ft&ffitz1-J:?tj:M&x~hZt&&ii. 0io 
(c) (d)<£>4 ?\z— 1s\z.WM<r>*-7*y hfrfafa^tzfem 

[0051] ^-rtbw«-g-t>ta^ii:tB^2(Dii:ga3t^r7 

[0 0 5 2] L*»U mbwSEJ^f4a:jSfEffl[W^*SS* 
Sfcdt'fo!), 55ij(tfiJ^I4wro^fElT*th^)l, 2tv<7> 

aj^it--r>-y^^v^33^^-r5 0 -r^y^^>^33 
[0053] /<7^*^->-^7^e>ffiffim?fft/4 s ffi;ft£ 

JE, r>v%rttfll»«»ttSr4SU<(»oii:as^rfl6i4 

[0054] mmm*. ^u<r>^r^mm^ 

<t<r>tz#>Ati\c-7a y*^y*Ts<i/fi&ffix.X^Z>Z 

2o©7* hV-(*- KtdAWi--5il:«E3t^'7— *ss/j: 
St, #VM£SS3te'*!7-£r£3fcLTV>5:7;i- 
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*<D7* y?<4*— K©iWs»i$tt»4*L< 

[0 0 5 5] 7 7^ /<©*«»Sl*^»t 

< « **0. 5dB/kmO^±^ 7 r -'<T-80kraCO 10 

tz 0 013K1* Lfc4 5 ^^t?*illfB§i7Sr40Gbit/s-eig 

■7* y T >zf44Xmm L"C3tS(t«8-Cg« Lfc„ **« 

3tJ!Sro«[ft*l. 55 Aim, tp*K^/-«X503tTV7*42(7Dffl^l 
ft^!7 — &10dBnu $l^jf£&:5dB, 3t7 7>f'< &«&0. 5d 
B/km©1.31/imifn3MK^l''*Owe— K77^^3 (SM 
F)80krat Lfc„ ^■tfe^{f^41(CTSMFC0«-^^N°VCD^-tfe 20 
*M«Lfc<, h — ^^T-320kmCOeiHT*fc?)o tfc&Sttl 

[0 0 5 6] fiifOT'f^^-ytfcO, H]14(a)(4R 
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